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Objective
To develop a compact partial oxidation (POX) reactor as
a fuel system component that will dramatically improve
cold startability and reduce cold-start emissions for
neat-alcohol-fueled engines.

Approach
An  ex p e rimental program is underway to develop a pro t o-
type POX reactor for a light-duty  ethanol-fueled engi n e.
D u ring Phase I,we ve ri fied the feasibility of using ethanol
p a rtial ox i d ation products to improve cold starts. Scoping

ex p e ri m e n t s , wh i ch used blended bottled gases to simu l at e
P OX pro d u c t s , assessed start perfo rmance and determ i n e d
fueling re q u i rements for this cold-start strat egy. A simple
p rototype POX reactor was built and tested to ve rify its
ability to produce the re q u i red cold-start fuel. In Phase II,
we will design, fab ri c at e, and test a compact, P OX cold-
s t a rt system on a 3.1-liter Chev rolet Lumina engi n e.
E x p e riments will be conducted on the integrated system to
m e a s u re start perfo rmance and emissions under a va riety of
realistic engine cold-start conditions. Results will be used
to improve the prototype cold-start system design, with 
emphasis on being compat i ble with modern ethanol ve h i cl e
t e ch n o l ogy. 

Accomplishments
During Phase I, rapid engine starts (<5 seconds) and tran-
sition to sustained idle at very cold temperatures (-30°C)
was demonstrated. This was achieved by starting the en-
gine with simulated POX products and transitioning to
E95 only over a 10- to 20-second time period. Total 
hydrocarbon and carbon monoxide emissions were
reduced by more than an order of magnitude during the
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first 90 seconds of engine operation when simulated POX
products were used during engine cold starts instead of
E95. Testing also demonstrated the wide ignition limits
of typical POX product fuel species under engine cold-
start conditions (down to -30°C). From the test results, an
extremely simple and compact prototype POX reactor
was designed, fabricated, and tested independently from
the engine.

Future Direction
Phase II work is currently underway. During this phase,
the design, fabrication, and testing of a prototype POX
cold-start system will be completed. Evaluation of the
prototype POX reactor will include developing 
performance characteristics for the engine/POX system.
Optimization of the prototype system will be performed,
focusing on the emission characteristics of the engine
and the engine cold-start characteristics

Publications
None to date.

Region of the United States where
each cold start fueling method

produces successful starts.
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